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Theordtlcally  ifoen  aluminium  oxide  is  heated 
to  a  high  temperature  with  carbon  in  the  presence 
of  nitrogen,  the  follovring  reaction  takes  place: 

AI2O3    +  3C    +  H2      »       2A1N    +  300. 
However  this  reeu;tion  is  by  no  means  cos^>lete  and 
considerable  amounts  of  undeoos^osed  materials  re- 
main in  the  charge. 

It  will  be  seen  that  from  the  above  equation 
the  proportions  for  the  amounts  of  aluminium  oxide 
and  carbon  are  in  the  ratio  of  one  part  of  alumin- 
ixim  oxide  to  .353  parts  by  weight  of  carbon.     This 
theoretical  ratio  seems  to  be  the  best  in  practical 
work.        If  the  reaction  were  complete  the  product 
would  be  a  idiite  eunorphous  material  with  little 
undeconposed  carbon  and  samples  giving  a  high  per- 
centage of  nitrogen  answer  to  this  description. 

Theoretically,  the  best  temperatvire  for  the  re- 
aatiom.  would  be  just  below  2200^  C,  v^ieh  is  supposed 
to  be  the  decosiposition  temperature  of  the  nitride. 
This  is  not  true,  however,  as  other  experimenters 
have  shown  that  the  correct  teimperature  is  much  lower. 


The  following  extract  on  the  preparation  of 
aluminium  nitride  as  carried  out  by  Serpek  is  taken 
from  "The  Fixation  of  Atmospheric  Nitrogen"  by 
Joseph  Knox;  and  gives  the  essentials  of  the  most 
successful  part  of  Serpek's  work: 

"Serpek»s  Aluminium  Hitride  Process.-  The  only 
process  depending  on  the  formation  of  a  metallic 
nitride  which  at  present  seems  to  offer  prospects 
of  technical  success  is  that  devised  by  Serpek, which 
depends  on  the  production  of  aluminium  nitride  from 
alumina,  and  subsequent  deconqposition  of  the  nitride, 
Serpek  at  first  used  powdered  aluminium  carbide  as 
raw  material,  and  heated  this  in  a  current  of  nitro- 
gen or  generator  gas.  The  absorption  of  nitrogen 
was  said  to  be  increeised  by  the  addition  of  carbon 
or  aluminium  to  the  carbide,  and  by  the  presence  of 
traces  of  SOg  or  HCl  in  the  gas  cxirrent.   Caro  shelv- 
ed that  the  absorption  of  nitrogen  by  AI4C3  was  pro- 
bably preceded  by  dissociation  of  the  carbide  into 
aluminitm  and  carbon. 

Later  a  mixturff  of  alumina  and  carbon  (coal)  was 


heated  in  a  current  of  xHtrogen  or  generator- gas  to 
red  heat.       The  formation  of  the  nitride  takes  place 
according  to  the  theoretical  eqixation.     The  addition 
of  fire  per  cent  copper  or  iron  facilitated  the  absorp- 
tion^  and  the  action  of  these  metals  was  regarded  as 
catalytic.     In  this  case  also  the  presence  of  traces 
of  SOg  or  HCl  was  said  to  favor  absorption  of  nitro- 
gen,    Serpek  assiMed  that  AI4C3  was  first  formed,  ihich 
then  reduced  the  remaining  AI2O3  to  aluminium,  v^ich 
combined  with  the  nitrogen: 

ill4C3    +  AI2O3      «       6A1    -f  3C0, 

6A1      +     3N2  «       6A1N. 

Further  investigation  showed  that  the  yield  of  nitride 
depended  greatly  on  the  ten;)erature  es^loyed.  It  was 
found  that  some  absorption  of  nitrogen  took  place  even 
at  1100<*C.;   at  1500°  nitrogen  was  absorbed  fairly 
rapidly;  at  1700°  energetically;   and  at  1800-1850° 
almost  violently,  giving  nearly  chemically  poire  nitride. 
Smaller  yields  were  obtsiined  at  higher  temperatures, 
and  above  3000°  C.  the  production  of  nitride  practically 
ceased,  owing  to  decoaiposition  of  the  nitride.     The 


iDost  favorable  tanperature  Is^  therefore^  1800^  - 
1900<)  C.  It  was  also  found  that  linpure  alumina^  such 
as  bauxite^  could  be  converted  into  nitride  at  some- 
idiat  lower  temperatures  than  pure^  evidently  ovdng  to 
the  catalytic  effect  of  the  impurities." 

The  commercial  process  as  carried  out  in  Prance 
is  omitted  as  it  is  merely  a  technical  description^ 
and  contains  no  statemants  of  scientific  interest* 

"Scientific  Investigation  of  the  Serpek  Process .- 
Rsmeurkably  few  scientific  investigations  of  the  reaction 
involved  in  the  Serpek  process  have  appesured.  Tucker 
and  Head  found  that  the  absorption  of  nitrogen  by  a 
mlztrire  of  sJ.vimina  and  carbon  was  very  slight  below 
1600°  C,^  reached  a  maxi mum  between  1800  and  3000°  C., 
tMlst  decomposition  of  the  XLS  seemed  to  occur.  The 
formation  of  the  nitride  takes  place  according  to 
the  equation: 

AlgOg  +  30  +  Hg   ■   2A1N  +  300. 
Serpek *s  statement  that  bauxite  reacts  more  readily 
than  pure  sdumina  was  confirmed^  but  it  was  found  that 
the  presence  of  g^preciable  amounts  of  SOg  in  the 
nitrogen  was  harmful. 


An.  Importazit  contrl'bution  to  the  subject  iras  re- 
cently  made  tj  Fraenkel,  who  gives  also  a  very  conqilete 
bibliography  of  the  earlier  literature  on  sLLuminium 
nitride.   Fraenkel  studied  the  velocity  of  absorption 
of  pure  dry  nitrogen  by  a  mixture  of  2  parts  pure  alunu 
ina  and  1  paz>t  finely  divided  pure  soot^  and  found  that 
the  velocity  of  absorption  is  very  small  at  1350®,  in- 
creased moderately  up  to  1500°,  and  very  rapidly  alrove 
1500®.  Thus  in  thirty  minutes  ,2   per  cent  N2  vras  ab- 
sorbed at  1350°;  3,1  per  cent  at  1400°;  4.4  per  cent  at 
1450°;  8  per  cent  at  1500°;  19.5  per  cent  at  1550°.  and 
24,5  per  cent  at  1600°,   Up  to  1500°,  the  amount  of  ni- 
trogen absorbed  is  approximately  proportional  to  the 
time,  but  at  higher  temperatures  the  reaction  goes  quick- 
ly at  first,  and  then,  after  a  large  proportion  of  the 
charge  has   reacted,  slows  down  considerably. 

According  to  Peacock  and  Du  Pont  a  mixture  of  3 
parts  of  alumina  and  1  part  of  carbon  reacts  with  nitro- 
gen under  500  mm.  pressure  at  1500°  according  to  the 
equation: 

AlgOg  +  60  4-  SNg   =   Al2C3Ng  +  SCO. 
Fraenkel  obtained  no  indication  of  such  a  reaction,  but 


found  that  at  pressures  down  to  250  mm,  the  velocity  of 
the  reaction  was  practically  the  same  as  at  atmospheric 
pressure, 

A  different  result  is  obtained  if  the  partial  pres- 
sure of  the  nitrogen  is  lowered  ty  mixture  with  another 
gMj   especially  CO,  the  product  of  the  reaction.  If  we 
regard  the  reaction: 

AlgOg  ■+-  30  +  Ng   «   2A1II  -+■  300, 
as  reversible,  the  law  of  mass-action  gives  Ojj  /C  co~  ^' 
The  reversibility  of  the  reaction  was  proved  by  passing 
different  mixtures  of  Hg  and  00  at  a  given  temperature 
either  over  a  mixture  of  alumina  and  carbon,  or  over  a 
mixture  containing  a  certain  proportion  of  AlH,  and 
determining  the  percentage  of  nitrogen  in  the  mixture 
before  and  after  passing  the  gas.   When  the  proportion 
of  CO  in  the  gas  mixture  was  above  a  certain  amount,  the 
percentage  of  nitrogen  in  the  solid  dimiiiished,  showing 
that  the  reaction  from  right  to  left  was  taking  place, 
TBhen  the  proportion  of  CO  was  below  a  certain  amount, 
nitride  formation  took  place.   The  results  show  dis- 
tinctly that  an  eqxdlibrium  exists,  but  it  was  not  poss- 
ible to  define  it  accurately.  At  a  total  pressure  of 
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1  ataos.  the  equilibritun  concentration  of  CO  at  1500° 
Is  between  25  per  cent  and  40  per  cent  00^  and  at 
1600®  between  50  per  cent  and  65  per  cent  CO,  At  1700° 
active  absorption  of  nitrogen  still  took  place  from  a 
gas  containing  70  per  cent  CO.  With  increasing  temper- 
ature the  equilibrium  concentration  of  CO,  therefore, 
increases.   This  result  is  important  technically.  If 
generator  gas  is  used,  a  higher  temperature  is  required 
than  with  pure  nitrogen,  and  the  higher  the  ten^erature 
the  less  pure  does  the  nitrogen  require  to  ba.  Further, 
with  generator  gas  it  is  useless  to  look  for  catalysts 
for  the  reaction  in  the  neighborhood  of  1500  .  These 
can  be  effective  only  with  nitrogen  containing  less  CO 
than  generator  gas, 

A  shifting  of  the  equilibrium  with  temperature  in 
the  direction  found  indicates  that  the  reaction  from 
left  to  right  is  endothermic.   In  afreement  with  this, 
Fra«nkel  calculated  the  heat  of  this  reaction  to  be 
ca.  -  243000  cals.,  and  Richau-ds  -  213220  cals.  The 
re8UJtion  is,  therefore,  strongly  endothermic. 

As  a  result  of  a  preliminary  investigation  of  the 
influence  of  different  forms  of  carbon  and  of  various 


catalysts  on  the  velocity  of  the  reaction  Praenkel 
states,  with  all  reserve,  that  different  forms  of 
carton  show  essential  differences  inVeaction-velooity, 
emd  that  none  of  the  catalysts  so  frequently  mentioned  in 
the  Serpek  patents  show  any  marked  influence  on  the 
reaction-velocity  in  the  neighbourhood  of  1500°. 

The  Badisbhe  Anilin-und  Soda-Fabrik  has  also 
investigated  the  technical  production  of  aluminium  ni- 
tride.      They  find  that  the  formation  of  nitride  from 
alumina  and  coal  is  greatly  awcelerated  "by  the  presence 
of  5-10  per  cent  of  the  oxides  of  certain  elements  uhich 
themselves  can  form  stable  nitrides.      Under  these  con- 
ditions it  is  possible  to  secure  rapidly  and  easily  a 
fairly  high  percentage  of  nitrogen  in  the  product, 
ilmong  the  oxides  iiMch  may  be  used  are  those  of  Si,  Ti, 
Zr,  Mo,  V,  Be,  Ce,  Ur,  Or,       Preference  is  given  to  SiOg 
on  account  of  its  cheapness,  but  under  certain  local 
conditions  some  of  the  others  might  be  used  with  advaiv* 
tage,   especially  as  they  are  recovered  and  can  be  used 
again.       The  oxides  may  be  replaced  by  other  oxygen 
confounds,   such  as  silicates,  titanates,  vanadates,   etc. 
The  presence  of  iron  and  other  impurities  does  not  influ- 


10 


enee  the  catalytic  action^  so  that  loiF>grade  bauxite 
may  be  employed. 

The  Badische  has  also  TTorked  out  methods  of  treat- 
ing the  crude  nitride,  so  that,  #iilst  the  aamonia  is 
coBipletely  recovered,  the  aluminium  is  obtained  in  the 
form  of  a  pure  con^ovmd.   Thus  by  treating  the  crude 
aluminium  nitride,  containing,  for  exaniple,  silicon  ni- 
tride, with  limited  amounts  of  exid  or  alkali,  the  al\xcb- 
inium  may  be  obtained  as  a  soluble  compound,  free  from 
silica.   The  quantity  of  acid  or  base  can  also  be  chos- 
en so  that  the  aluminium  remains  as  insoluble  hydroxide: 

2A1I  4-  H2SO4  +  6H2O   a   2A1(0H)3  +  (^14)2304. 
The  elimination  of  ammonia  by  sCkalies  is  greatly 
feMilitated  by  the  addition  of  such  soluble  salts  as 
sodium  chloride." 

Thru  the  courtesy  of  Prof,  Harry  HcCormack  of 
the  Chemical  Department,  Armour  Institute  of  Technology, 
the  following  results  are  quoted.   In  his  experiments. 
Prof.  McCormack  used  the  same  furnace  v*ich  was  used  in 
the  e:q)erimental  part  of  this  work.   He  fo\ind  that,  if 
all  conditions  were  kept  constant  except  the  temperature, 
the  best  yield  of  nitrogen  was  obtained  at  from  1775°  to 
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1825^  C.       Therefore^  this  temperature  nas  taken  so  sis 
to  seciire  the  best  results  In  the  particular  furnace 
used. 

Prof.  McCormack  also  made  several  runs  at  the  alsove 
tei!;>erattirej  taking  out  samples  at  various  Increments 
of  time  in  order  to  determine  the  length  of  time  the 
charge  should  "be  in  the  furnace  to  secxire  the  hest  aii^ 
sorption  of  nitrogen.         In  this  work^  the  furnace  was 
first  brought  up  to  the  required  temperature  with  the 
container  enclosed  so  that  the  latter  would  be  at  fur- 
nace temperature.       A  cold  saople  was  then  put  into 
the  container  and  at  the  end  of  twenty  minutes  the  first 
saaple  withdrawn.       Samples  were  withdrawn  for  every 
subsequent  interval  of  fifteen  minutes  with  the  follovF- 
ing  results: 

Time  in  minutes  J^N^  run  #1  J6n,  run  #2. 
20  4.1  5.6 
85  12.2  11.9 
50  10.9  12.4 
65  10.5  11.7 
80  '  12.14  9.4 
95  10.6  
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The  conclusion  reached  in  this  case  naa,   that  the 
correct  amount  of  time  for  the  charge  to  be  in  the 
furnace  at  the  required  temperature  is  from  30  to 
35  minutes;  and  that  if  it  vas  left  in  the  fvurnace 
for  a  longer  period  a  partial  decomposition  would 
take  place  decreasing  the  amount  of  nitrogen  ab- 
sorbed. 

He  also  found  out  that  with  pure  Alg^S  ^^^  °°^® 
at  a  teniperature  of  1900*'  C.  for  forty  minutes,  that 
the  yield  of  nitrogen  was  3.575oj  and  that  another 
charge  containing  an  alvuninous  ore  containing  some 
iron  introduced,  immediately  after  the  first  was  with- 
drawn, and  subjected  to  the  same  conditions  absorbed 
12  per  cent  nitrogen.   Thus  it  was  concluded  from 
this  work  that  a  small  amount  of  impurities  increased 
considerably  the  amoTznt  of  nitrogen  absorbed^  all  other 
conditions  being  the  same. 

The  following  patents,  recently  taken  out  for  the 
manufacture  of  aluminium  nitride,  are  quoted  from 
"Chemical  Abstracts"  for  1917  and  1918: 

"Aluminium  nitride;  electric  furnaces.   Soc.  Senerale 
des  Hitrures.   Brit.,  11,271.  Aug.  4,  1915.  Hitrogen, 
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like  producor  gas,  and  the  like,  used  in  the  production 
of  AIN  is  heated  to  a  temperature  adjacent  to  or  above 
that  of  the  reaction,  and  then  mixed  with  the  satuninous 
material  and  carbon,  the  mixture  being  acted  on  for  a 
very  short  time  by  an  arc  or  other  source  of  intense 
heat.   The  heating  of  the  gas  may  be  effected,  in  a 
suitable  furnace  (specified)  by  a  high  pressure  arc  be- 
tween electrodes  in  a  small  chamber,  from  which  the  arc 
is  blown  into  the  gas  passage.   Gaseous  products  may  be 
burnt  for  preliminary  heating  of  the  nitrogen,  etc.  The 
aluminous  material  and  carbon,  vMch  are  fed  by  a  tube 
in  the  shaft,  may  also  be  preheated  as  by  conduction 
from  adjacent  gas  heaters.   From  the  shaft,  the  mater- 
ial passes  to  a  chamber,  into  which  the  gas  is  convey- 
ed by  .pipes  bent  horizontally  so  as  to  produce  whirling 
motion. 

Aluminium  nitride,  Soc.  Gen.  des  Nitnxres,  Holl, 
1279,  January  15,  1917.   In  this  process  the  aluminium 
oxide  plus  excess  carbon  farm  the  heating  resistance  in 
an  sQ.ectric  furnace, 

Norske  Hitride  Aktiesal  skab.  Norw.  27,628.  Jan, 
8,  1917,    Reaction  mixture  consisting  of  bauxite  mixed 
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idth  coal  is  acted  upon  by  a  flame  produced  "bj  the  cob^ 
bustlon  of  an  excess  of  coed  in  air  to  produce  CO^  the 
flaiae  being  heated  by  paissing  thini  one  or  more  electric 
arcs. 

G.  Giulini.   Norw.  27,618.   Feb.  5,  1917.  The  ni- 
trogenous gases  are  brought  to  act  on  the  initial  sub- 
stances in  the  presence  of  sodiuza  vapor^  at  an  elevated 
temperature  but  not  so  high  a«  to  require  electrical 
energy. 

0.  Serpek.  U.  S.  1233925.  July  17,  1917.   In 
forming  AlB  from  carbon  and  bauxite  or  other  ELLiiminous 
material  by  reaction  idth  nitrogen,  the  latter  is  highly 
heated  before  being  brought  into  contact  with  other 
materials,  and  the  mixture  is  then  rapidly  passed  thru 
an  elongated  electric  arc. 

AlH.  0.  Serpek.  U.  S.  1233926.  July  17,1917. 
A  flame  is  produced  Vy  the  combustion  of  such  excess  of 
carbon  in  air  that  CO  is  the  main  product  and  this  flame 
is  caused  to  enter  the  reaction  zone  of  em  electric  arc 
together  vdth  an  excess  of  carbon  and  AI2O3  or  other 
alTiminiferous  material  to  form  AlH. 

AIN.  P.  Bunet.  Can.  173693.   December  5,  1915. 
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The  reaction  materials  are  caused  to  advance  thru  an 
Inclined  revolving  electric  fumaice  which  two  conduc- 
tive erovms^  smd  intermediate  electrodes. 

AIN.  P.  R.  Hershman.  U.  S.  1250874.  Dec.  18. 
Aluminiim  nitride  is  formed  ^y  heating  a  charge  of 
AI2O2  and  C  in  the  reaction  chamber  by  passing  pro- 
ducer gas  pr  eviously  heated  to  a  high  ten^erature 
thru  the  charge^  Imming  a  portion  of  the  gas  in  the 
charge  and  then  effecting  nitrification  "by  continuing 
the  psissage  of  producer  gas  thru  the  material. 

AIN.  H.  L.  Duncan.  Can.  182,348.  Teh,   19,1918. 
Aluminous  material  is  heated  in  a  nitrogenous  reducing 
atmosphere  in  a  rotary  kiln  hy  meems  of  a  luminous 
heating  flame  and  a  high  pressure  jet  of  nitrogenous 
gas  is  caused  to  impinge  on  the  heated  material  to 
produce  aluminium  nitride. 

AIN.  M.  Shoeld.  U.  S.  124797.  August  6.   AIN 
is  made  Tjy  bringing  briquets  composed  of  carbon,  alum- 
ina and  a  binder  into  contact  with  a  counter  current 
of  nitrogen  caurrying  gas.   An  intermediate  zone  of 
the  charge  only,  in  heated  to  1800-2000°C.  electrically 
which  also  effects  preliminary  heating  of  reacting 
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materials  "by  the  coointer-eurrent  principle,     (Furnaces 
were  designed  "by  the  afeove  on  this  principle  for  this 
pxirpose)." 

Serpek  has  taken  out  the  greatest  number  of  patents 
both  in  this  country  and  abrojid  on  this  subject  and  they 
are  too  numerous  to  mention  here.      The  most  promising 
part  of  his  work,  both  experimentally  and  commercially, 
has  been  described  in  the  extract  from  "Fixation  of 
Atmospheric  Nitrogen"  by  Joseph  Knox, 

There  are  eilso  numerous  other  patents  viMch  have 
been  teiken  out  prior  to  the  ones  mentioned  here,  but 
it  is  presumed  that  they  offer  no  extension  of  the 
knowledge  of  the  formation  of  alvoainiuffl  nitride.     On 
that  account  only  the  recent,  untried  ideas  have  been 
mentioned. 
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The  electric  furnace  used  in  this  work  was  a 
Hoskin's  carbon  resistance  t3rpe.     It  consists  of 
a  reaction  tube  about  three  inches  internal  disuueter^ 
emd  about  two  feet  long.       This  is  made  of  carborundum 
about  one  foTirth  inch  thick.       Surrounding  this  tube  are 
the  carbon  rings  forming  the  heating  and  resistance  ele- 
ment .       These  are  about  an  inch  wide  and  onef ourth  inch 
thick.       These  rings  are  placed  side  by  side  and  clasip^ 
ed  by  a  stationary  electrode  on  one  end^  and  by  a  mo7ar- 
ble  one  on  the  other.      The  purpose  of  the  latter  is  to 
regulate  the  pressure  between  the  carbon  rings  and  hence 
the  amo\mt  of  current  flowing  thru  the  furnace.      Out- 
side of  the  carbon  rings  is  another  tube  of  refractory 
material.      Between  this  tube  and  the  iron  case  is  a 
speuse  i;Mch  is  filled  with  silicon  dioxide. 

Alternating  current  is  supplied  thru  a  transformer 
to  the  furnace  at  a  potential  of  approximately     220 
volts.      One  hundred  sixty  amperes  is  the  maximum  demand 
which  may  be  taken  from  the  transformer.       All  regular 
tions  of  cxirrent  are  taken  care  of  by  adjusting  the 
pressure  between  the  carbon  rings  in  the  furnace. 

The  charge  as  a  whole  was  made  up  of  wood  charcoail^ 
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cheiolcally  pure  aluodnlum  oxide  and  chemically  pure 
ferric  oxide.       The  wood  chare oeil  was  the  ordinary 
commercial  charcoal.       This  was  gro\md  to  a  fine 
powder  in  an  iron  mortar^  so  that  the  charge  could 
"be  very  Intinately  mixed.       The  aluminitm  oxide  and 
ferric  oxide  were  weighed  out  so  that  the  total  of 
the  weights  equaled  ten  grains.       To  each  charge  so 
prepared  an  equal  quantity  of  charcoal:   3  grams  was 
added  so  that  the  totsl  weight  of  the  charge  was  thir- 
teen grams.       The  percentage  of  ferric  oxide  in  each 
charge  was  figiired  on  the  total  weight  of  ferric  oxide 
and  aluminixim  oxide  only. 

Eighteen  separate  charges  were  thus  weighed  out 
and  each  was  thoroughly  mixed  and  ground  together  in 
a  cassarole  "before  introduction  into  the  furnace. 
The  weighings  in  each  case  were  made  on  the  lalioratory 
"balance  accurate  to  a  tenth  of  a  milligrain  so  that 
the  amount  of  iron  may  he  calculated  on  any  tasis  very 
accurately. 

The  following  table  shovm  on  the  next  page  gives 
the  weights  of  the  separate  constitutots  and  also  the 
percentage  of  iron  oxide  on  the  "basis  stated  a'bove: 
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Charge  Gr,  AlgOg      G-r.  FegOg  Gr.  C.  ^^SgOg 

#1  9.9500  .0500  3.0000  .5 

#2  9.9000  .1000  3,0000  1.0 

#3  9.8500  .1500  3.0000  1.5 

#4  9.8000  .2000  3.0000  2.0 

#5  9.7500  .2500  3.0000  2.5 

#6  9.7000  .3000  3.0000  3.0 

#7  9.6500  .3500  3.0000  3.5 

#8  9.6000  .4000  3.0000  4.0 

#9  9.5500  .4500  3.0000  4.5 

#10  9.5000  .5000  3.0000  5.0 

#11  9.4500  .5500  3.0000  5.5 

#12  9.4000  .6000  3.0000  6.0 

#13  9.3500  .6500  3.0000  6.5 

#14  9.3000  .7000  3.0000  7.0 

#15  9.2500  .7500  3.0000  7.5 

#16  9.2000  .8000  3.0000  8.0 

#17  9.1500  .8500  3.0000  8.5 

#18  9.1000  .9000  3.0000  9.0 
Charges  referred  to  ty  numbers  mean  the  ntatbers 

as  eissigned  in  the  first  column. 
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The  boat  on  ndiich  the  charges  were  placed  prior 
to  their  introduction  into  the  furnace  was  meide  of 
carbon.   In  order  to  facilitate  the  handling  of  as 
great  a  nui&ber  of  charges  in  the  shortest  iime^  two 
partitions  were  placed  in  the  boat  so  that  the  charges 
could  be  introduced  into  the  furnace  in  groups  of  three. 
These  partitions  consisted  of  carbon  sticks  about  one 
fourth  inch  high  and  one  half  inch  Tide  and  aervei   only 
to  keep  the  charges  from  mixing  together  in  the  furnace. 

The  first  three  charges  were  plewed  in  the  boat, 
that  iSj  charges  #1,  #2,  and  #3,  and  were  placed  in  the 
fvirnace  which  was  at  room  temperature.   The  gas  was 
then  turned  on  so  that  a  very  gentle  stream  was  pro- 
duced.  The  gas  used  was  obtained  from  a  tank  of  com^- 
pressed  nitrogen.   The  electrodes  were  screwid  down 
tight  and  the  cixrrent  tiirned  on.   The  temperature  at 
the  end  of  thirty  minutes  was  1600-1700^  C.  and  the  cvir- 
rent  consumption  one  hundred  sixty  amperes.   The  charge 
was  with  dravm  thirty-five  minutes  after  the  furnace 
had  reached  the  temperature  above  mentioned,  and  al- 
lowed to  cool  in  the  air.   Then  it  was  placed  in 
weighing  bottles  for  analysis. 
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The  second  group  of  charges,  #4,  #5,   and  #6  was 
placed  in  the  furnace  at  11:45  A.M.  at  a  bright  red 
heat  and  ten  minutes  were  allowed  for  the  furnace  to 
reach  the  correct  tenqperature.       The  geis  stream  was 
never  adjusted  after  the  first  charge  was  placed  in 
the  furnace  so  that  it  would  te  constant  thruout.     This 
group  was  removed  at  the  operating  teinperatvire  and 
inmediately  placed  in  weighing  "bottles  "before  attaining 
room  temperature,       Tiice  of  removal:  12:30  P.M. 

The  third  group,  #7,  |8,  and  #9,  was  introduced 
into  the  furnace  at  operating  temperature  at  12:45 
P.M.  and  with  drawn  at  1:30  P.M.       T^ies©  were  allowed 
to  cool  pretty  thoroughly  in  the  air  tefore  putting  them 
in  the  weighing  bottles. 

#10,  #11,   and  #12  were  also  introduced  at  the 
operating  temperature  and  ^thdrawn  thirty-five  minutes 
later.       These  were  also  allowed  to  cool  to  a  black  heat 
before  putting  them  in  the  weighing  bottles.  The 

fifth  group  was  also  placed  in  the  furnace  under  the 
same  conditions  except  that  it  was  in  the  furnace  for 
only  thirty  minutes.       It  was,  however,  transferred 
to  the  weighing  bottles  hot. 
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The  sixth  and  last  group,   consisting  of  charges 
#16,  #17  and  #18  was  introduced  into  the  furnace  at 
the  operating  teiriperature  at  3:40  P.M.       At     4:10  P.M. 
the  current  was  shut  off  and  the  charges  were  allovifed 
to  cool  in  the  furnace  and  finally  transferred  to  the 
weighing  tottles  warn. 

The  charges  were  always  placed  in  numerical 
order  in  the  boat  and  their  position  in  the  furnace 
was  such  that  the  largest  of  the  three  num'bers  was 
always  nearest  the  end  of  the  furnace  uAiere  the  nitro- 
gen entered.       In  each  case  it  was  noticed  that  some 
of  the  charges  nearest  the  gas  end  v;ere  "blown  across 
the  last  two  ty  the  gas  stream,  tut  this  occurred  to 
such  a  slight  extent  that  such  contamination  would  have 
little  effect  on  the  amount  of  nitrogen  absorbed.     The 
separate  charges  were  very  carefully  separated  in  each 
case  to  avoid  contamination  ae  much  as  possible. 

The  rate  of  flow  of  the  nitrogen  was  practically 
constant  thruout  all  of  the  heats.       The  end  of  the 
furnace  into  ^Mch  the  nitrogen  was  introduced,  was  so 
constructed  so  that  no  air  could  enter  with  it  and  a 
pure  nitrogen  atmosphere  was  maintained. 
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The  charge  inanediately  after  removal  from  the 
fiurnace  whowed  that  a  crust  of  hard,  dark  gray  mat- 
erial vras  formed  on  the  turf  ace  In  each  caBe.  In 
some  instances  the  color  was  almost  white,  whereas 
in  others,  dark  gray.   In  the  darker  samples  smeai 
particles  of  undecomposed  carbon  could  be  distinguished 
sho'-sing  that  the  carbon  was  in  excess,  or  the  reaction  was 
not  complete.   In  every  case,  the  lighter  colored 
compound  gave  a  higher  percentage  of  nitrogen  than  the 
darker,  demonstrating  that  an  excess  of  the  aluminous 
material  gave  better  results  than  an  excess  of  carbon. 

The  samples  thus  obtained  after  heating  were  anal- 
yzed by  the  Kjeldahl  process  which  gives  the  total  in 
each  chao'ge.   No  attempt  was  made  in  order  to  find 
out  how  much  nitrogen  could  be  hydrolyzed  from  the  sam- 
ples.  The  table  on  the  following  page  shows  the  re- 
sults of  the  analysis.   A  curve  was  also  plotted  from 
these  results  to  show  the  variation  in  the  absorp'tion 
with  the  variation  of  the  amount  of  ferric  oxide  in 
the  charge. 
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Charge 

^^«2°3 

i>   total  N. 

#1 

.5 

21.20 

#2 

1.0 

25.70 

#3 

1.5 

20.20 

#4 

2.0 

16.90 

#5 

2.5 

17.40 

#6 

3.0 

11.67 

#7 

3.5 

17.15 

#8 

4.0 

18.90 

#9 

4.5 

15.20 

#10 

5.0 

4.75 

#11 

5.5 

6.17 

#12 

6.0 

4.00 

#13 

6.5 

7.37 

#14 

7.0 

14.60 

#15 

7.5 

9.95 

#16 

8.0 

8.37 

#17 

8.5 

6.57 

#18 

9.0 

16.07 
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It  is  seen  that  from  these  results,  iron  oxide  plays 
a  very  importaxit  part  as  a  catalyst  In  the  reattion.  Con- 
trary to  all  previous  results,  this  work  shows  that  only 
a  small  percentage  of  iron  is  necessary  in  order  to  bring 
about  a  maxiinuBi  yield.       It  must  be  borne  in  mind,  however, 
that  chemically  pure  aliunina  and  ferric  oxide  were  used 
thruout  the  experimental  work,   and  that,  with  commercial 
aluminous  ore  contaiiiing  perhaps  smaller  quantities  of 
other  impurities  besides  iron,  better  results  could  be 
obtained.       It  must  also  be  remembered  that  a  practically 
pure  nitrogenous  atmosphere  was  maintained  in  the  reaction 
tube  and  the  only  other  gas  present  vras  carbon  monoxide, 
a  product  of  the  reaction. 

From  the  fact  the  maximum  yield  occurred  when  the 
proportion  of  alunina  and  carbon  were  nearly  theoreti- 
cal, the  conclusi-bn  may  be  drawn  that  only  a  little 
excess  of  carton  is  neceasary  for  the  best  results.     The 
ratio  of  AlgOg  to  3C  is  102.2  to  36.0  or  2.84.       The 
ratio  of  the  weights  of  alumina  and  carbon,  in  the 
charge  showing  the  maximum  yield  of  nitrogen,  is  9.9  to 
3  or  3,3.      The  ratio  of  the  weights  on  every  other  case 
with  the  exception  of  the  first  sample  is  greater. 
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It  is  the  telief  of  the  writer  that  these  results 
thus  obtained  could  be  duplicated  under  the  same  con- 
ditions, and  that  possiljly,  on  a  commercial  scale,  bet- 
tered.  The  last  stateznent  is  added  because  it  has 
been  shown  by  other  experiaenters  that  a  better  yield 
of  nitrogen  is  obtained  vdth  conauercial  alundna  than 
with  chemically  pure  aluminium  oxide. 

Prof.  HcCormack  of  Armour  Institute  of  Technology 
has  worked  out  the  best  conditions  for  the  operation  of 
the  particular  furnace  used  here,  and  he  has  given  the 
results  of  the  work  in  order  to  secure  the  best  opera- 
tion of  the  process. 


